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1. Introduction
For MU-MIMO technology, multiple data streams to different UEs are multiplexed in the same time-frequency transmission resource. It is considered by many network operators as important to further enhance system capacity. MU-MIMO technology in Rel.10 is designed for the homogeneous network. It is worth studying further potential enhancement for MU-MIMO, especially for heterogeneous network. This new study topic is included in the study item of downlink enhancement for LTE-A, which was agreed in RAN 51[1]. The scenario B is defined as outdoor and/or indoor low-power RRHs with coordination with the macro in RAN1 #66. According to the offline discussion results, scenario B has lower priority than scenario A, C [2]. However, scenario B is also required for further research because some techniques, such as CSI feedback, are required to be discussed for CoMP and enhanced downlink MIMO. In this contribution, some considerations are made on enhanced MU-MIMO for scenario B.
2. Enhanced MU-MIMO for scenario B
Some enhancement [3-5] for MU-MIMO is already discussed, which is mainly from the view of feedback based on the homogeneous network deployment. The enhancement is not specially for heterogeneous network with same cell ID. In the following discussion, enhancement of MU-MIMO is considered for scenario B. The interference scenario is firstly analyzed. Then, some considerations are discussed, which aim at enhancing the MU-MIMO performance.
2.1. Interference scenario
In the heterogeneous scenario, the system capacity is improved through these newly introduced transmission points. On the other hand, the interference situation becomes more complex because of additional transmission points, especially for the case of different transmission power between Macro point and RRH points. The interference in scenario B is illustrated in Fig.1 as an example, where UE1, UE2, UE3 are scheduled in the same time-frequency transmission resource by Macro point, RRH1 point, RRH2 point, respectively. Different UEs experience different kinds of interference which are described as follows: 

1. For UEs served by RRH points, such as UE2, UE3, they typically suffer high interference from Macro point because Macro point has higher transmission power; 
2. For UEs served by RRH points, they typically suffer low interference from other RRH points because RRH points have lower transmission power;
3. For UE served by Macro point, such as UE1, it typically suffers low interference from RRHs points because RRH points have lower transmission power. 

Since UE1, UE2, UE3 are scheduled in the same time-frequency resource, they may be looked as a MU-MIMO with geographically separated antennas. Through MU-MIMO technology, the interference between users could be eliminated from spatial domain. For the following discussion for enhanced MU-MIMO scheme, the first kind of interference is thought as the main goals for interference elimination because of high interference level.
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Fig.1 Interference scenario illustration for MU-MIMO for system with scenario B
2.2. Some considerations for MU-MIMO enhancement
· Feedback design for enhanced MU-MIMO
To enhance the system performance, some additional feedback information may be used for eNB to eliminate the partial interference at the transmitter side. The additional feedback information could be best companion PMI and delta-CQI [5-6]. However, in scenario B, different UEs have different interference situation as analyzed in the previous section. UE1 in Fig.1 is not required to feed back the additional information for interference, whereas the eNB could make better interference eliminating if UE2 and UE3 provide some additional information of interference. This may be realized by configuring different feedback modes for different UEs on the basis of their interference situation. The corresponding measurement of channel state information and interference information could be realized by measurement for the CSI-RS measurement sets configured by eNB.
· DM-RS design for enhanced MU-MIMO
DM-RS is used for demodulation in LTE-A. For Rel.10 MU-MIMO, it supports up to a maximum of 4 distinct DM-RS by using 2 orthogonal ports and 2 quasi-orthogonal scrambling codes. In scenario B, a greater number of simultaneously served UEs may be supported because of splitting gain. Thus, the limitation condition, by which sum rank is no larger than 4 and rank for every user is no larger than 2, could be relaxed. To support the enhanced MU-MIMO, DM-RS with orthogonal port could be used to reduce interference [7]. And, the used port index and scrambling sequence index have to be indicated to UEs. Furthermore, if MU-MIMO is non-transparent to UEs, the more advanced receiver may be used to reduce interference from other co-scheduled UEs with signaling support, for example sum rank indication.
3. Conclusions
In this contribution, we discuss the enhanced MU-MIMO for scenario B. Based on the interference analysis, we observe that the interference between users is asymmetric in this scenario. The MU-MIMO scheme, which eliminates the interference in the spatial domain, is worth further considering, especially in feedback design and DM-RS design.
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